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THE SILTING OF LAKE CHAUTAUQUA 
HAVANA, ILLINOIS 
by 
J. B. Stall , Ass is tant Engineer , State Water Survey Division 
and 
S. W. Melsted, Associate Professor of Soil Analysis Resea rch , 
Agronomy Department , College of Agriculture and 
Agricul tural Exper iment Station, University of Illinois 
SUMMARY 
1. The Chautauqua Drainage and Levee 
Distr ic t was organized in 1916 and constructed 
the levees which were later to form Lake Chau-
tauqua. The levees were built along the flood 
plain of the Illinois River nor th of Havana, I l l i -
nois , in Mason County. After being farmed for 
severa l y e a r s , the a r e a was permanent ly flooded 
in 1926. 
2. In December , 1936 the federal F ish and 
Wildlife Service acquired the a rea and formed 
the present Lake Chautauqua for use as a refuge 
for migra tory waterfowl. Spillways and control 
gates were constructed in the levees to allow 
control of the water level in this s ide-channel 
r e se rvo i r . 
3. The water level in the lake is controlled 
as near ly as possible to provide good feeding 
conditions for waterfowl. The only water en te r -
ing the lake comes from the flow of the Illinois 
The removal of soil par t ic les from the fa rm 
land, the t ranspor t of these par t ic les through the 
gully, s t ream, and the deposition of these pa r t i -
cles at some point along the course is a phenom-
enon which has a g rea t influence on the economy 
of the State of Ill inois. Investigation of the fac-
to r s involved in this movement of soil by water 
is important in furnishing fundamental data. Such 
data a re necessa ry to the p reserva t ion and o r -
derly development of the soil and water r e s o u r c e s 
of the s ta te . 
Illinois P r o g r a m 
Over the past twenty y e a r s a continuing co-
operative study of r e s e r v o i r sedimentation in 
Illinois has grown, involving the Illinois State 
Water Survey Division, the Office of Resea rch 
of the Soil Conservation Service and the Illinois 
Agricultural Experiment Station. The objectives 
of this p rogram a r e : 
River . The lake has no d i rec t drainage a rea . 
4. The 1950 sedimentation survey of this 
r e se rvo i r showed that in 23.8 yea r s the s torage 
capacity of the lake had been reduced from 14,290 
ac re feet to 11,680 ac re feet, or 18.3 per cent. 
5. The average annual sediment deposition 
in the lake has been 83,230 tons . 
6. The average rate of r i s e of the bed of 
Lake Chautauqua is 1 foot in 32 y e a r s , which is 
approximately twice as g rea t as the average for 
the ent i re unleviedarea of the Illinois River flood 
plain. 
7. Sediment analyses show extremely high 
carbon and nitrogen contents far in excess of 
that to be expected from sediment derived from 
normal soil erosion. This is at tr ibuted to the 
presence of wildlife excre ta . 
8. The sediment deposited in the lake is 
quite high in total fert i l i ty. 
1. To establ ish information on fac-
t o r s affecting sedimentation. 
2. To furnish factual data for future 
r e s e r v o i r development. 
3. To provide data for est imating 
sedimentation damages to existing and p ro -
posed r e s e r v o i r s . 
4. To develop methods of sedimenta-
tion control. 
Need for This Report 
This investigation of the sediment deposi-
tion in Lake Chautauqua was ca r r i ed out to l ea rn 
more about sedimentation in a side-channel r e s -
e rvo i r . This lake has no di rec t watershed but 
is fed by water let into the lake from the Illinois 
River . The methods of operating this r e s e r v o i r , 
the manipulation of the water level to the bes t 
advantage for wildlife propagation, provide con-
ditions for sediment deposition which a re com-
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pletely different from conditions found in most 
art if icial lakes studied to date within the state. 
General views of the lake a re shown in Figure 1. 
SCOPE OF INVESTIGATIONS 
Lake Survey 
A detailed survey of Lake Chautauqua was 
made from July 17 to 28, 1950 by a field party 
of the State Water Survey Division. In th i s sur -
vey a se r i es of seven sediment c ross - sec t ions 
were taken on the lake. By this means the or i -
ginal and present capacity of the lake were deter -
mined as well as the volume of sediment deposited 
within the lake. In car ry ing out the survey a 
permanent monument sys tem was installed so 
that in future yea r s re surveys may be made to 
measure the sediment accumulation. 
Sediment Samples 
During the survey a s e r i e s of seven sedi-
ment samples were taken from various pa r t s of 
the rese rvo i r by means of a special sampler . 
These samples were dr ied and weighed to deter-
mine the volume-weight of the sediment deposits 
in various portions of the lake. On four of these 
samples , chemical and physical analyses of this 
sediment have been made . 
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The lake is located on the former flood plain 
of the Illinois River , nor th of Havana in Mason 
County, I l l inois, as shown in Figure 2. The 
southernmost end of the lake is about four mi l e s 
north and slightly eas t of Havana. F r o m here-
the lake extends about 6 mi les in a nor theaster ly 
direction along the ea s t side of the Illinois River . 
The lake is genera l ly about one mi le in width, 
3 
F i g u r e l a . View o f L a k e C h a u t a u q u a L o o k i n g N o r t h 
F i g u r e l b . View of L a k e C h a u t a u q u a L o o k i n g South 
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Figure 2. Lake Chautauqua Location Map 
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being near ly 1 1/2 mi l e s in width at the lower 
end. 
Levees 
The lake is formed by levees which con-
fine the waters of the lake on the north, west, 
and south. The eas te rn edge of the lake is formed 
by the eas t bluff of the Illinois River Valley. The 
levees were constructed during 1917-1922 by the 
Chautauqua Drainage and Levee Dis t r ic t . Design 
specifications called for a 12-foot crown on the 
levee top at elevation 440 mean sea level. Side 
slopes were to have a 3 to 1 slope. Through the 
years the levees have been overtopped, washed 
out, and repa i red many t imes . At the present 
t ime it is believed that there a re low points in 
the south and west levees at elevation approxi-
mately 436. 
Spillways 
Improvements c a r r i e d out by the U. S. Bio-
logical Survey, the p r edeces so r of the present 
Fish and Wildlife Service , included construction 
of two spillways as shown in Figure 3. The west 
spillway was constructed to have a total length 
of 1500 feet; A 350-foot length was at elevation 
437 .5 , and the remaining 1150 feet at elevation 
440. 0. The south spillway had a total length of 
1000 feet, consisting of a 300-foot length at ele-
vation 437.5 and the remaining 700 feet at e leva-
tion 440. 0. 
Inlet Control S t ruc tures 
Improvements c a r r i e d out by the federal 
owners of the lake during the period 1936-1939 
included construction of two control gate s t ruc -
tu re s . The l a rges t control s t ructure is located 
at the ext reme eas t end of the north levee. This 
s t ruc tu re , as shown in Figure 4, consis ts of 
four, 12-foot taintor ga tes . These gates a re 
manipulated throughout the year to maintain the 
des i red water level in the lake. 
A smal le r control s t ruc ture is located on 
the southeast levee. This consis ts of a concrete 
conduit 3 feet square with a gate valve enclosed. 
The location of this conduit is shown in F igure 3. 
This control valve is uti l ized on occasion to aid 
in the maintenance of the des i red lake level , but 




The Chautauqua Drainage and Levee Dis t r ic t 
was organized in 1916 in Mason County cover-
ing an a r ea of 3,608 a c r e s . In 1917 a cons t ruc-
tion a s s e s s m e n t was levied in the amount of 
$236,000 and bonds were issued for an additional 
$169,920. Construction was begun on the levees 
and pumping station but was not ent i rely com-
pleted by 1922 when th ree b reaks occurred in 
the levees . Repair and further construction work 
continued after the water had receded. In 1924 
the f i rs t corn was planted in the a r ea but the 
crop was unsuccessful. In 1924 a fair corn crop 
was produced in the higher spots of the a rea . 
1926 
During heavy ra ins in October 1926 the west 
levee broke in two places . One break was near 
the pumping station and wate rs pract ical ly de-
stroyed the pumping station. At the same t ime , 
two b reaks occurred in the north levee and two 
in the south levee. When the water receded the 
levees were eroded to such a low level that a 
minor r i s e in the Illinois River would submerge 
the south, west and par t of the north levee. 
The 1926 levee b reaks were not repa i red 
immediately. For about 10 yea r s the water level 
in the lake a r ea would r i se and fall with the r iver 
and no par t icular use was made of the a rea . 
During this period the lake existed only as a 
backwater or s ide-channel r e se rvo i r . During 
high s tages the flood wa te r s , heavily laden with 
sediment would completely inundate the lake 
a r ea . During this period, sedimentation condi-
t ions in the Lake Chautauqua a r ea were very 
s imi la r to the present adjacent backwater a r ea s 
of Quiver Lake and Mud Lake. (See Figure 2. ) 
1936 
In December , 1936 a r rangements were com-
pleted by the U. S. Biological Survey (predeces-
sor of the U. S. F i sh and Wildlife Service) for 
the acquisition of the lake and surrounding dikes 
for use as a refuge for migra tory waterfowl. 
The total land acquired by the government was 
4471 a c r e s . At this t ime the levee breaks were 
repa i red and much of the levee was rebuilt . 
Spillways and control gates as described ea r l i e r , 
were constructed to allow the control of the water 
level within the lake. This improvement work 
was completed in 1940. 
1943 
On May 25 to 27, 1943, flood waters broke 
ac ros s and damaged the nor th levee. The damage 
was repa i red . In Figure 5 is shown the south 
levee during high water in 1950. 
PRESENT OPERATION 
Since the improvement of the levees and the 
completion of the control s t ruc tures the water 
level within the lake has been controlled through-
out the year , as near ly as possible , in accord-
ance with a "water management p lan." This 
plan is devised at the beginning of each year , 
and is planned to provide the most desirable feed-
ing conditions during the duck migration seasons . 
Figure 3. Base Map of Lake Chautauqua 
LAKE CHAUTAUQUA 
HAVANA, I L L I N O I S 
JULY 17 to 28, 19 50 
ILLINOIS STATE WATER SURVEY DIVISION 
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Figure 4. Inlet Gates Located in the North Levee 
Figure 5. View Along the Top of the South Levee Looking Westward on July 20, 1950 
Note flow into Lake Chautauqua from Quiver Lake (at left). 
Water level 439. 1 Mean Sea Level 
8 
During the y e a r s 1944 to 1949 the water manage-
ment plan was as follows: from May 1 to Sep-
tember 15 the lake level was maintained as nearly 
as possible at elevation 434. 5 mean sea level; 
from September 15 to May 1 the lake level was 
maintained as near ly as possible at 435. 0. In 
1950 the plan was changed and the lake level was 
maintained at elevation 435.0, as near ly as pos-
sible, for the ent i re year . The only sources of 
water to. the lake a re rainfall direct ly in the lake 
and water admit ted from the r iver through the 
gates . 
METHODS OF SURVEY 
The original and presen t s torage capacit ies 
and the volume of sediment in the r e s e r v o i r were 
determined by the range method of survey de-
veloped by the Soil Conservation Service and 
descr ibed in t he i r Bulletin No. 524, "Silting of 
R e s e r v o i r s . " 1 
Range System 
The base maps used for the survey consisted 
of sheets No. 20 and 22 of the Corps of Engineers 
1933 map of the Illinois River from Grafton to 
Lockport. These had 'a scale of 1 inch to 1000 
feet. The water level contour line at "normal 
pool elevation" (435. 0 M. S. L. ) was taken from 
these maps . A basel ine, 3,000 feet in length 
was chained along the nor th levee extending west 
from the control gates . On the south levee, t r i -
angulation stat ions were established at points 
identifiable from the map. F r o m these control 
points seven si l t ranges were establ ished on the 
lake as shown in Figure 3. The water depth and 
sediment th ickness were measured along each 
range. 
Measurement of Sediment 
Along each range at in tervals of 200 feet the 
water depth and sediment thickness were meas -
ured with a sounding pole. This consis ts of a 
1 1/2 inch d iameter cal ibrated aluminum pole 
as shown in F igure 6. The pole is lowered in 
the water until it r e s t s lightly on the top of the 
sediment deposit and thus the present water depth 
is measured . The pole is then thrus t on down 
through the soft sediment until it s t r ikes the hard 
soil of the or iginal r e s e r v o i r bottom. In this 
manner sediment thickness is measured . As 
the boat is rowed ac ros s the range, and m e a s -
urements a re made , a cross-sect ion is obtained 
of water depth and sediment th ickness . A total 
of 187 measuremen t s were made on the seven 
ranges on Lake Chautauqua. 
1. Silting of Rese rvo i r s , U. S. Department 
of Agricul ture , Technical B u 1 l e t i n N o . 524, 
Washington, D. C. , U. S. Government Pr in t -
ing Office, 1939. 
The accuracy of this method of sediment 
measuremen t is dependent upon the presence of 
a highly compacted original soil layer or p r e -
r e se rvo i r deposit . In Lake Chautauqua no dif-
ficulty was experienced in measur ing the sedi -
ment with the sounding pole. The lake bed had 
been tilled and was very compact. The sediment 
in the lake was loosely compacted, having never 
been exposed to drying of the sun. It had an 
average density of about 36 pounds per cubic foot. 
The use of the sounding pole under these condi-
tions was a lmost ideal . In pre l iminary sound-
ings the values obtained checked closely with 
values obtained by use of the "spud" bar , a stand-
a rd device which obtains samples of sediment 
at various depths. 
Survey Markers 
All tr iangulation stat ions and range ends 
were marked permanent ly in the field with con-
cre te posts 4 1/2 inches square and 4 1/2 feet 
long. As shown in F igure 7 these posts were 
set into the ground with about one foot exposed. 
These permanent m a r k e r s will be of value in the 
future when it becomes des i rab le to make a r e -
survey of Lake Chautauqua along these same 
si l t ranges. 
SEDIMENTATION IN THE RESERVOIR 
Summary of Data 
Table 1 is a summary of the sedimentation 
data obtained from this survey of Lake Chautauqua 
together with data der ived therefrom which are 
pertinent to the sedimentat ion problem in this 
lake. Several of the significant findings shown 
in this summary a r e : 
1. The capacity of the lake for water 
storage has been reduced from 14,290 ac re 
feet to 11,680 ac re feet or 18. 3 per cent 
in 23. 75 y e a r s . 
2. Average annual sediment deposi-
tion in the lake has been 84, 230 tons. 
Distribution of Sediment 
The distr ibution of the storage capacity and 
the storage loss within the lake a re shown in 
Table 2. F o r the location of the segments see 
Figure 3. F r o m the table it is seen that seg-
ments E, and F, in the middle portion of the 
lake have suffered the g rea tes t while the end 
segments , par t icu la r ly segment H, have lost 
capacity at a l e s s e r r a t e . 
Figure 8 shows th ree typical c ross - sec t ions 
of water and sediment. F r o m these c r o s s - s e c -
t ions it is seen that the deposits in all pa r t s of 
the r e se rvo i r a re re la t ively uniform in thick-
ness ac ross the range. On Range R5-R6 it is 
noticed that the minor var ia t ions in the eleva-
tion of the original lake bottom have been con-
cealed by the sediment and the present top of the 
9 
Figure 6. Use of the Sounding Pole in Measuring Sediment 
F igure 7. Concrete Post Installed as a 
Permanen t Survey Marker 
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Table 1 
Summary of Sedimentation Data on 
Lake Chautauqua 
Havana, Illinois 
1. Area was permanent ly flooded in October, 1926. Date of this survey, July, 1950. 
2. At "normal pool elevation," 435. 0 mean sea level. 
3. Based on seven volume - weight samples . 
Table 2 
Distribution of Storage Loss in Lake Chautauqua 
S t o r a g e C a p a c i t y 
S t o r a g e S e g m e n t O r i g i n a l 
A c r e fee t 
P r e s e n t 
A c r e fee t 
L o s s 
A c r e f e e t P e r c e n t 
A 7 4 2 . 2 6 0 2 . 6 1 3 9 . 6 1 8 . 8 
B 2 6 9 5 . 0 2 2 8 6 . 4 4 0 8 . 6 1 5 . 2 
C 2 9 0 2 . 3 2482 . 7 4 1 9 . 6 14. 5 
D 2 3 8 5 . 6 1 9 1 2 . 5 4 7 3 . 1 19. 8 
E 2449 . 0 1 9 1 4 . 9 534 . 1 2 1 . 8 
F 1560. 6 1 1 9 2 . 0 3 6 8 . 6 2 3 . 6 
G 1 1 4 1 . 4 9 1 8 . 4 2 2 3 . 0 1 9 . 5 
H 416 . 7 3 6 9 . 6 4 7 . 1 1 1 . 3 
T o t a l 1 4 , 2 9 2 . 8 1 1 , 6 7 9 . 1 2 6 1 3 . 7 18. 3 
Quantity Units 
Age 1 




P r e s e n t 
Sedimentation 
Total Sediment 
Average Annual Sediment Accumulation 
By Volume 
By Weight3 
Depletion of Storage 
Loss of Original Capacity 
P e r Year 
To Date of Survey 
23.75 Years 
3,562. Acres 
14,290. Acre feet 
4,674. Mil. Gal . 
11,680. Acre feet 
3,819. Mil. Gal . 
2,614. Acre feet 
2 ,000,500. Tons 
110. Acre feet 
84,230. Tons 
0.77 Pe r cent 
18.3 P e r cent 
11 
Figure 8. Typical C r o s s - s e c t i o n s , Lake Chautauqua 
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sediment has an a lmos t level surface. The sedi -
ment deposits in the lower pa r t of the r e se rvo i r 
a re thicker , the sediment thickness being gener-
ally proportionate to the original water depth. 
Near station R 14 in the inflow channel be -
low the control gates it is seen that a thick deposit 
has accumulated. The elevation of the top of this 
deposit in the inflow channel is seen to be slightly 
higher than that along the remainder of Range 
R 13-R 14. 
The total volume of sediment deposited in 
the lake r ep re sen t s an average rate of r i se of 
the lake bed of one foot every 32 y e a r s . It has 
been es t imated in e a r l i e r studies2 that the ave r -
age rate of r i s e of the ent ire unlevied flood plain 
of the Illinois River is approximately one foot 
every 70 y e a r s . Thus, Lake Chautauqua is l o s -
ing capacity at a rate about twice as g rea t as the 
average for other s imi la r flood-plain a r e a s along 
the Ill inois River . The operation of the lake is 
such as to verify this . The retention in the lake 
of the sediment- laden flood water after the r i ve r 
stage h a s subsided provides a chance for the 
sediment to set t le out. In adjacent backwater 
a r ea s such as Mud Lake or Quiver Lake , un-
doubtedly much of the sediment is c a r r i ed on 
downst ream with the subsiding flood w a t e r s . 
Much of the sediment in Lake Chautauqua is of 
such a smal l par t ic le s ize that a retention t ime 
of 7 to 12 days is necessa ry for deposition. 
SEDIMENT SAMPLES 
Procurement of Samples 
During the course of the survey a se r i es of 
seven samples of the deposited ma te r i a l were 
obtained at locations shown in Figure 3. These 
samples were taken with a pipe-nipple sampler 
as shown in F igure 9. This sampler consists 
of a 3-foot section of galvanized i ron pipe, 2 
inches in d iameter with a check valve at the top. 
Above the check valve is an additional 2-foot s e c -
tion of 1-inch pipe with an open "T" fitting at the 
top for secur ing the sample r to a line. A 2-inch 
nipple 4 inches in length is attached on the bot-
tom of the sample r . The ent i re sample r , with 
the nipple in posit ion, is shown in Figure 9a. 
F r o m a boat the sample r is lowered into the 
water on a line and sinks into the sediment de-
posit of i ts own weight. As the sampler is r e -
t r ieved, the 2-foot column of water above the 
check valve holds the sample of sediment in the 
nipple and in the 3-foot length of pipe. In the 
boat the excess sediment on the ext reme lower 
end of the pipe nipple is s t ruck off at the edge 
of the nipple and a pipe cap is attached. The 
nipple is then removed from the sampler and 
the upper edge is s t ruck off and capped. Usu-
ally the sample is immediate ly t r ans fe r red to a 
glass j a r as is shown in Figure 9b, and hand-
sealed for l a te r laboratory analys is . 
Sediment Charac te r i s t i c s 
The chemical and physical charac te r i s t i cs of 
four of the sediment samples were determined 
in the labora tor ies of the Illinois Agricul tural 
Experiment Station. The sediments that a r e 
accumulating in Lake Chautauqua a r e , in general , 
quite fine in t ex tu re . Apparently, much of the 
coa r se r sediment being ca r r i ed by the water 
2. "Soil Pollution in the Illinois R i v e r . " 
Testimony presen ted to the Illinois River P o l -
lution Commission by the Illinois State Water 
Survey Division, March 30, 1950, Urbana, Ill. 
of the Ill inois River has settled out before the 
water enters the lake, largely because the r i ve r 
does not flow direct ly into the lake proper . Within 
the lake further separat ion of sediment has oc-
cur red . 
Detailed chemical and physical analysis of 
the sediment samples indicates a wide var ia t ion 
in sediment cha rac t e r i s t i c s . The data a r e p r e -
sented in Tables 3 and 4. Samples No. 1 and 2 
a re quite s imi la r and they come from the same 
genera l a r ea of the lake. (See Figure 3. ) The 
ex t r eme ly fine nature of this sediment, over 50 
per cent clay, indicates a high degree of sort ing 
of sediments and quiet water . The total carbon 
and to ta l nitrogen values a re ext remely high, 
indicating an accumulation of organic ma t t e r in 
the lake far in excess of any amounts that could 
be accounted for through soil eros ion. These 
large accumulat ions of nitrogen and carbon mus t , 
t he re fo re , be at t r ibuted to wildlife excre ta . 
The sediment in the a rea of sample No. 4 
is quite coarse when compared with the sediment 
of other a r e a s of the lake. This definitely indi-
cates a channel area where sediment- laden in-
coming water meets s t i l l water. In this a r e a 
the sediments a r e sandy and silty with much less 
clay in them. They a r e much lower in total n i -
t rogen and total carbon, and the sediments a r e 
s imi l a r in cha rac t e r i s t i c s to the sediments one 
would expect to find being ca r r ied d i rec t ly in the 
Illinois River . In all probability most of this 
sediment was deposited in this a r ea during a 
levee b r e a k at th is point. 
The a rea represen ted by sample No. 6 has 
sed iments quite s imi lar to the sediments in the 
a r ea r e p r e s e n t e d by samples No. 1 and 2. The 
sed iments a r e somewhat higher in the si l t f r ac -
tion and it may be inferred that there is some-
what m o r e water movement at this point in the 
lake than at the points indicated by samples 1 or 
2. The par t i c le - s ize distribution of the sed i -
ment samples is shown in Figure 10. The s ize 
dis t r ibut ion is shown in comparison to s imi l a r 
data on severa l smal le r lakes within I l l inois . 
Comparing the Lake Chautauqua samples it is 
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Figure 9a. Sediment Sampler Ready for Use 
Figure 9b. Sediment Sampler in Position for Removal of Sample 
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Table 3 









R 13-R 14 
R 11-R 12 
R 9-R 10 








R 5-R 6 
R 3-R 4 





















( m . e . / 1 0 0 g.) 
Total 
Bases 
( m . e . / l 0 0 g.) 






1 0.40 0.470 > 4 . 14 > 9 . 0 34.5 48 .8 6 . 5 1.6 30.7 52.5 
2 0.44 0. 365 3.30 9 . 0 32.9 49.5 6 . 7 1.5 31.0 56.2 
4 0.74 0. 163 1.89 11.5 19.5 34.3 6 . 7 4. 1 54.5 29 .4 
6 0.58 0.220 2.66 12.0 29.5 34.7 6 . 6 0 . 7 37.6 47. 1 
F igure 10. Size Distribution of Sediment 
Samples 
seen that samples 1, 2, and 6 a re very s i m i l a r , 
containing about 80% par t ic les l ess than 20 m i -
crons and a total of less than 4% par t i c les g r e a t e r 
than 20 mic rons . Sample 4 is considerably dif-
ferent , containing only 64% pa r t i c l e s l e s s than 
20 mic rons and about 44% g rea t e r than 20 m i -
c rons . 
The sediment deposits in Lake Chautauqua 
a r e quite high in ferti l i ty. In t e r m s of fe r t i l i ze r 
equivalents this fert i l i ty would rep resen t approx-
imately 50,000 tons of ammonium n i t r a t e , 2,000 
tons of mur ia te of potash, and 5, 000 tons of 
superphosphate. Much of this fert i l i ty comes 
from the excreta of the wildlife living in the a r e a . 
Cer ta inly the a r ea should be ideal, from a fe r -
t i l i ty point of view, for the growth of swamp or 
fores t cover. 
Water Sample 
On July 28, 1950 a sample of the lake water 
was taken on Range R 5-R 6 at the location of 
sediment sample No. 5. The minera l ana lys is 




August 11, 1950 
Sample of water collected July 28, 1950, from Lake Chautauqua, owned by U. S. Department 
of Inter ior , Fish and Wildlife Service. Location: Center of Section. Section 9, Twp. No. 22 N. , 
Range 8 W. Laboratory No. 122, 500  
ppm. epm. ppm. epm. 
Iron (total) F e 0. 7 Silica SiO2 2 . 0 
Manganese Mn 0 . 0 Fluoride F 0 . 5 
Calcium Ca 35.5 1. 78 Chloride C1 13.0 0. 37 
Magnesium Mg 18.6 1. 53 Nitrate N O 3 0 . 2 T r . 
Ammonium N H 4 0 . 6 0.03 Sulfate so4 71.8 1.49 
Sodium Na 12. 0 0. 52 Alkalinity (as CaCO3) 100. 2. 00 
Turbidity T r . Hardness (as CaCO3) 166. 3. 31 
Color 0 Residue 229. 
Odor 0 
ppm. = parts per million 
epm. = equivalents per million 
ppm. x . 0583 = grains per gallon 
STATE WATER SURVEY DIVISION 
R. M. King, Assis tant Chemist 
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